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The National Bureau of Standards' (NBS) CW racetrack nicrotron (RTNI) will be utilized as a driver for a free elec-O tron laser (FEL) oscillator. The NBS RTM possesses many exceptional properties of value for the FEL: i) CW operation, ii) energy from 20-185 MeV, iii) small energy spread and enitlance, iv) excellent energy stability, and v) high average power.
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The I-D FEL gain formula predicts that the FEL would oscillate at the fundamental approximately from 0.25 m to 10 yn , when up-grading the peak current to > 2 A. In this paper, " we present 3-D self-consistent numerical results including several realistic effects, such as emittance, betatron oscillations, 0"----. diffraction and refraction. The results indicate that the design value of the transverse emittance is small enough that it does not degrade the FEL performance for intermediate to Fig. 1 . Updated configuration for accelerator and FEL long wavelengths, and only slightly degrades the performance halls. The entire shielded complex is located 10 ft below ground at the shortest wavelength under consideration. Due to the level. Visible and infrared radiation will be directed to a ground good emittance, the current density is high enough that fo. level laboratory (indicated by the dashed lines) above the UV cusing, or guiding, begins to manifest itself for wavelengths laboratory.
The original design parameters of the NBS RTM are given An FEL facility for applications, primarily in biomediin Refs. 1-3. The design calculations indicate a longitudinal cal and material science research as well as for basic physics emittance 4 < 30 keV-degrees and a normalized transverse and chemistry, is to be situated at the National Bureau of emittance t 2 eN < 10 mm-mrad. Based on recent measureStandards"
. A CW 185 MeV racetrack microtron (RTM)' ments of the performance of the 5 MeV injector linac, the acistandardcostructi. .
A W 1 rAceratk Lrtory c tual values of both the longitudinal and transverse emittance is ofndseri o n terconneBcete o individ a tory shiel nare expected to be smaller than the design values. The injector sists of a series of interconnected, individually shielded, undersystem must be upgraded to provide a peak current of > 2 A ground halls. The updated layout is indicated in Figure 1 . The in 3.5 psec micropulses, giving electron pulse length e 3 , _ 0.1 FEL is expected to be operational by 1990.
cm. In order to keep the average electron beam power within The major limitation of an RTM as an FEL driver is that the capability of the existing RF power system, the new injecits peak current capability is lower than electron linacs which tor will fill only a small fraction of the RF buckets (e.g., 1/24, operate in the same energy range. However, the RTM is su-1/120 depending on electron beam energy). We are proceed. perior to pulsed linacs in energy spread and emittance. The ing with a design of a photocathode injector system for this RTM is comparable to a storage ring in terms of beam emitupgrade. tance and energy spread. but there is no restriction on insertion length or "stay clear" aperture. The beam energy can be var-I-D Free Electron LWer Analysis ied continuously over a wide range without significant loss of performance. In addition, microtrons are compact and energy A first order evaluation of the FEL performance of the efficient. Because of the CW nature of the RTM. the genera-NBS RTM can be obtained from the I-D small signal low tion of coherent photons is not hindered by a finite macropulse gain formula 4 . The results indicate that sufficient gain can length. be obtained at fundamental wavelengths in the range from 10 um > A > 0.25 um. The formula for the electric field amplitude gain G in the small signal, low gain regime, can be This work has been supported in part by the U.S, Office written as of Naval Research.
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where N is the number of wiggler periods. 1. is the initial rel-3-D Effects on the Gain ativistic gamma factor. OR = ir; is the cross-sectional area of the radiation, r. is the minimum l1r radius of the Gaussian Since FELs are not actually 1-D, 3-D effects will change radiation field amplitude, 1A ---17 l0 A. I is the current in the gain. Some of the 3-D effects that we will examine in amperes, K = (tetB,A,,./2'oc 2 ) Rs, rs is the wiggler paraiethis paper are finite transverse emittance, radiation diffraction ter, B , is the magnetic field in the wiggler. A,,. is the waveand refraction, and some effects associated with finite-length length of the wiggler, F = J 0 (b) -J 1 (b) for a linearly polarized electron pulses. wiggler. b = K/2( I * K 2 ). v, = -NV(, -. ,v )/2c is the normalWe will assess these three-dimensional effects using a fully ized frequency mismatch, and a.
2" 2w '.,,,)1 4 K2 ) is 3-D self-consistent computer code, SHERA, developed at tile the resonant angular frequency The function did,( sin a',al " Naval Research Laboratory. The formulation of the wave equa. has a maximum value of 0.54 when v = -1.3.
tion is based on the source dependent expansion s -6 of the ra-
The power gain can be obtained by diation field, and the electron dynaics T are evaluated self. consistently. We assume a waterbag distribution in the 4-D
transverse emittance space, which leads to a parabolic profile for the electron beam density. Since the energy spread of the NBS RTM is very small, it will not be considered; and we will In the low gain regime. G. -2G. The FEL will oscillate when also not treat the effects of pulse slippage on the gain. The rathe power gain is greater than the losses per pass in the resdiations are taken to have a Rayleigh length of 175 cm with the onator. minimum radiation waist located at the center of the wiggler.
The I-D gain formula is only a rough estimate. It is senResults for two different operating regimes will be presented. sitive to the choice of filling factor. We have chosen a filling
The effect of the emittance on the performance of the FEL factor which is smaller than the conventional by a factor of 2, will be more important for short wavelength operations. Titus, so that the gain estimate is conservative.
our first example will be for A = 0.23 um with -f. = 350.
The conceptual design consists of a linearly polarized wigThe pulse slippage distance, NA = 0.003 cm, is inuch shorter gler with a period of A. = 2.8 cm, and a nominal magnetic field than the electron pulse length, ,4,. Plots of the power gain, amplitude of B.. = 5400 G. This can be constructed with a G., versus the normalized frequency mismatch, v, are shown hybrid wiggler design with the gap separating the wiggler poles in iirad, respectively. If the emittance becomes larger than 20 the wiggler is to be changed by varying the gap between the nim mrad, the radius of the electron beam will become larger poles from 1.4 cm to 1.0 cm. As the magnetic field decreases, than the radiation spot size, and the gain will be substantially the wavelength of the radiation decreases, and the gain is rereduced. duced.
The effect of finite emittance on the gain is negligible for (1 C.M. Ll even smaller emittance. Due to the good emittance, the current density is high enough that focusing, or guiding, begins to manifest itself for wavelengths . 2.0 pin.
